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Abstract

Objectives: Linagliptin reduces blood glucose levels, but its efficacy in brittle diabetes mellitus with early diabetic nephropa-
thy (BDM-EDN) remains unclear. Therefore, this study investigated the efficacy and safety of linagliptin in BDM-EDN treated
with Dendrobium polysaccharide extract.

Materials and Methods: From January 2020 to December 2022, 90 BDM-EDN patients admitted to the endocrinology
department of our hospital were selected and equally divided into a control group, a Dendrobium polysaccharide (10 mg/d)
group, and a Dendrobium polysaccharide (10 mg/d) + linagliptin (5 mg/d) group using a random number table method. After
12 weeks of continuous treatment, serum indicators were measured, and an enzyme-linked immunosorbent assay (ELISA) was
used to examine the levels of inflammatory factors. Polymerase chain reaction (PCR) detected HMGNI and toll-like receptor
4 (TLR4) expressions. Fifteen BDM-EDN model mice were constructed and equally divided into Dendrobium polysaccharide
(10 mg/d) + CRX-527 (an agonist of the HMGNI/TLR4 pathway, 0.1 mg) group and Dendrobium polysaccharide (10 mg/d) +
TAK-242 (inhibitor of HMGN |/TLR4 pathway) group. The expression differences of the HMGNI/TLR4 pathway in mice were
observed in the 0.1 mg group and the Dendrobium polysaccharide (10 mg/d) + linagliptin (5 mg/d) + TAK-242 (0.1 mg) group.
Results: Compared with the control group, the biochemical indexes were significantly reduced in the Dendrobium polysac-
charide group, while the anti-inflammatory factor interleukin (IL)-10 was elevated (p <.05). Compared with the Dendrobium
polysaccharide group, biochemical indexes, renal function indexes, and inflammatory factors were all reduced in the
Dendrobium polysaccharide + linagliptin group (p < .05). Both Dendrobium polysaccharide and linagliptin had inhibitory
effects on HMGNI/TLR4 levels. In comparison with the Dendrobium polysaccharide group, FPG and 2hPBG decreased; uri-
nary albumin excretion rate (UAER), Cys-C, and C-reactive protein (CRP) decreased; and IL-10 increased in the Dendrobium
polysaccharide + TAK-242 group (p < .05).

Conclusion: Linagliptin combined with Dendrobium polysaccharide extract can modulate the blood glucose level of BDM-
EDN patients, improve UAER by decreasing inflammatory response, and protect renal function.
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a special type of diabetes mellitus with characteristics includ-
ing proneness to hypoglycemia and ketoacidosis, bipolarity,
large fluctuations of blood glucose, and also proneness to

Introduction

The number of global diabetic patients reached 250 million in
2010, and the incidence of diabetes mellitus is still increasing
year by year. With the development of the disease, it may also
lead to a variety of complications, among which diabetic
nephropathy is one of the most common chronic complica-
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tions and is also the cause of end-stage renal disease (ESRD).
Diabetes mellitus is also one of the main causes of death in
patients (Dai et al., 2018; Ding & Wong, 2012; Srinivasan
et al., 2017; Williams et al., 2004). Brittle diabetes mellitus is
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short-term diabetic microvascular complications (Ling et al.,
2012; Mattila & de Boer, 2010). Therefore, the treatment and
management of brittle diabetes mellitus with early diabetic
nephropathy (BDM-EDN) patients is more difficult.
Currently, many hypoglycemic agents have certain adverse
effects and limitations, so there is a need to find safer and
more effective treatments.

Recent studies have shown that Dendrobium polysaccha-
ride (DOP) is one of the main bioactive components of
Dendrobium, possessing several activities such as antioxi-
dant, hepatoprotective, immunomodulatory, gastrointestinal
protection, hypoglycemic, and anti-tumor properties (Figure 1;
Liu et al., 2019). Dendrobium officinale leaf polysaccharides
ameliorated type 2 diabetes mellitus in mice (Jia et al., 2017)
and, at the same time, had a strong antioxidant effect on pan-
creatic islet cells, which not only reduces the damage of free
radicals on pancreatic islet function but also promotes the
release of pancreatic islet B cells and increases insulin syn-
thesis, and also has an extra-pancreatic hypoglycemic effect
(Cao et al., 2013, 2019). In addition, a randomized, double-
blind, placebo-controlled clinical study showed anti-aging
effects of D. officinale and its fermented version on human
skin, highlighting a notable contribution to dermatological
research (Na et al., 2024). Moreover, DOPs can regulate
TET2 function and protect against neuronal apoptosis (Wu
et al., 2018). Therefore, it is important to study the therapeu-
tic mechanism of DOPs in diabetes.

Linagliptin tablets are a novel hypoglycemic agent that can
improve glycemic control in type 2 diabetes patients. It is a
novel oral glucose-lowering drug based on enteroglucagon,
which is currently attracting much attention (Forst et al., 2010)
as it can reduce the level of glucagon-like peptide-1 (GLP-1) in
the body by inhibiting DPP-4, thus elevating the level of
endogenous GLP-1, increasing insulin secretion, and inhibiting
glucagon secretion, thereby achieving glycemic control
(Morales, 2011). DPP-4 inhibitors are utilized for hypoglyce-
mic treatment of type 2 diabetes (Deacon & Lebovitz, 2016;
Loh et al., 2016). Some studies have shown that DPP-4 inhibi-
tors may have a renoprotective effect through a GLP-1 non-
dependent pathway (Abe & Okada, 2015).

Several studies have confirmed that DPP-4 inhibitors have
a protective effect on diabetic nephropathy, which can stabi-
lize a patient’s blood glucose, reduce the incidence of glucose
fluctuation and hypoglycemia, improve the patient’s body
weight, and protect pancreatic function. However, there are
still fewer studies on brittle diabetes mellitus combined with
early-stage nephropathy. The islet function of this kind of
patient is poorer, and their complications appear carlier.
Whether the application of DPP-4 inhibitors is effective needs
to be clinically verified. Meanwhile, high-mobility group
nucleosome-binding protein 1 (HMGN1) is a nuclear non-
histone protein that modulates chromatin structure to regulate
inflammatory gene expression. Toll-like receptor 4 (TLR4), a
key receptor in innate immunity, promotes NF-kB pathway
activation upon stimulation, leading to the release of

inflammatory cytokines such as tumor necrosis factor-alpha
(TNF-a)) and interleukin (IL)-6. Recent studies have demon-
strated that the HMGN1/TLR4 pathway is hyperactivated in
diabetic nephropathy and closely associated with glomerular
fibrosis and podocyte injury (Abe & Okada, 2015).
Furthermore, in brittle diabetes, glycemic variability exacer-
bates oxidative stress and inflammatory responses, resulting
in dysregulated energy homeostasis in adipose tissue. This
metabolic disturbance causes abnormal activation of the
HMGN1/TLR4 pathway and accelerates renal damage (Abe
& Okada, 2015). Therefore, this study investigated the effi-
cacy and safety of linagliptin versus DOP extract in BDM-
EDN treatment and analyzed the mechanistic role of the
HMGNI1/TLR4 pathway in this process, providing new
insights about targeted therapy in such patients.

Materials and Methods

Experimental Materials

The following apparatus and reagents were used in this study:
Linagliptin (Shanghai Boehringer Ingelheim Pharmaceuticals
Co., Ltd, batch no. 462469H); DOP extract (Shaanxi Snout
Bio, CAS: 2115-91-5), a dendrobium extract known for its effi-
cacy in improving human metabolism, lowering blood sugar,
and anti-tumor effects; HMGN1 (Phosphorylated S20/S24,
Shanghai Chunmai Biotechnology Co., Ltd); polyclonal anti-
body (HMGNI antibody, Eimage Technology, CAS:
PAB10016); EPR2078Y (TLR4 antibody, Eimage Technology;
CAS: ABP57210); CRX-527 (HMGNI1/TLR4 pathway ago-
nist, Shenzhen Xinbosheng Biological, CAS: tlrl-crx527);
TAK-242 (HMGN1/TLR4 pathway inhibitor); HMGN1/S24
(phosphorylated S20/S24, Shanghai Chunmai Biological
Technology Co., TLR4 pathway inhibitor, Shanghai Weihuan
Biological, 243984-11-4); blood glucose meter (Guangdong
Goukang Biotechnology Co., Ltd); RNA extraction kit
(Shanghai Yuduo Biological); reverse transcription kit
(GeneCopoeia, USA); and enzyme-linked immunosorbent
assay (ELISA) kit (Jingle Biological). The plant diagram and
molecular formula of DOP are shown in Figure 2.

In this study, the clinical research was approved by the
Hospital Ethics Committee (HEA-20210206E) and registered
with the Chinese Clinical Trial Registry. Animal experiments
were conducted in accordance with SPF-level animal ethics
norms (Ethics number: LGD20250201).

General Data

A total of 90 BDM-EDN patients admitted to the Department
of Endocrinology of our hospital from January 2020 to
December 2022 were selected, including 53 males and 37
females (average age: 50.67 &+ 10.28 years). Inclusion criteria
included (a) meeting diagnostic criteria; (b) not having car-
diac insufficiency, hypertension, or primary renal disease; (c)
maintaining normal blood urea (BUN) and creatinine (SCr)



1336

Pharmacognosy Magazine 22(4)

Dendrobium

dendrobium

improve

polysaccharide

Reduce renal
oxidative stress

o

Model mice with brittle diabetes mellitus
complicated with early diabetes mellitus

Decreased
inflammatory factors

Figure |. Diagram of the Dendrobium Polysaccharide Extraction Process.

i o

B

HO

OH

Figure 2. Dendrobium Plant Map.

levels in compliance with diagnostic criteria for early DN by
WHO in 2006; (d) not being affected by diabetic nephropa-
thy. Patients with acute complications such as ketoacidosis
and hyperosmolar coma were excluded. Exclusion criteria
involved (a) heart disease, renal failure, and patients with
malignant tumors or malignant disease and (b) long-term use
of glucocorticosteroids and other patients affecting glucose
metabolism, and recent use of angiotensin-converting enzyme
inhibitor (ACEI) or ARB affecting urinary albumin excretion
rate (UAER).

The patients were then divided into a control group, DOP
group, and DOP + linagliptin group by using the randomized
numerical table method. The basic data showed no differ-
ences among the three groups (p > .05).

Intervention Method

After admission to the hospital, all enrolled patients stopped
using the original glucose-lowering program and switched to
insulin (recombinant glucagon insulin combined with
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menthyl insulin) and Benadryl in order to improve renal
artery pressure treatment. They also followed a strict diet and
did appropriate exercise. After achieving stable blood glucose
levels, the DOP group received oral DOP (10 mg/day) as an
add-on therapy. The combination group received DOP
(10 mg/day) + linagliptin (5 mg/day) for 12 weeks.

The index levels of fasting blood glucose (FPG), 2 h post-
prandial blood glucose (2hPBG), glycosylated hemoglobin
(HbAc), total cholesterol (TC), low-density lipoprotein cho-
lesterol (LDL-C), triglyceride (TG), UAER, and Cys-C were
detected.

The capillary blood of patients was collected from the fin-
gertips to check FPG and 2hPBG: blood glucose test by glu-
cometer; HbAlc: ion exchange chromatography method; TC,
TG: enzyme method; LDL-C: direct measurement method;
UAER, Cys-C: immunoturbidimetric method.

ELISA

A 100 pL of antigen solution was added and each sample cor-
responded to a blank well, followed by the addition of 200 pL
of blocking solution to block the unbound sites. The plate was
then washed to remove unbound blocking solution and anti-
gen. Next, 100 puL of the sample to be tested was added to
each well, followed by the addition of standard and quality
control samples at the same time, and the setting up of blank
wells. The plate was incubated after sealing for 1 h, followed
by washing the plate to remove unbound samples and quality
control samples. A 100 pL of development solution was then
added for 30 min, followed by the addition of 50 pL of termi-
nation solution to each well and mixing well. The optical den-
sity was then measured using an ELISA reader.

Western Blot Detection of HMGN I, TLR4 Protein
Expression

Peripheral blood single-nucleated cells were isolated using
human peripheral blood cell isolation solution, and the cells
were lysed using cell lysis solution to obtain protein samples
that were quantified using a protein quantification kit. Protein
samples were electrophoresed and transferred to nitrocellulose
membranes. The nitrocellulose membrane was blocked and
incubated with primary antibody (EPR26772-17, 1:200 dilu-
tion, EPR2078Y, 1:150 dilution). The next day, the cells were
incubated, and the membrane was washed three times, followed
by the addition of rabbit secondary antibody (1:10,000) and
incubation for 1 h (37°C), washing with phosphate-buffered
saline (PBS) three times, and observation of ImageJ images.

Table I. Primer Sequences.

Polymerase Chain Reaction (PCR) Detection

Human peripheral blood cell isolation was used to isolate
peripheral blood single-nucleated cells, followed by fluores-
cence quantitative PCR detection of HMGNI1 and TLR4
mRNA (QIAGEN), including mRNA extraction, reverse
transcription to cDNA, and fluorescence quantitative PCR.
The specific sequences of primers are shown in Table 1.

Mouse Model Construction and Grouping

SPF grade, male, C57BL/6J mice (15 in number) were selected
for the study. A high-fat/sugar diet was given to them and
before the experiment, FBG was measured in all mice, and the
mice were required to have an FBG <7 mmol/L to exclude the
mice with congenital blood glucose abnormality. The model
group was fed with a high-fat/sugar diet for 8 weeks, and their
body weight was measured regularly to exclude mice with sub-
standard body weight. Mice with body weight greater than or
equal to that of the control group were screened, while those
with substandard body weight were eliminated, suggesting that
they were tolerant to or insensitive to the induction of obesity.
After 8 weeks of high-fat and high-sugar diet feeding, mice
were weighed and eliminated from the obesity-induced toler-
ant mice, FBG was measured, and an oral glucose tolerance
test (OGTT) was performed. Model mice were made to fast for
16 h after 1 d of resumption of a high-fat/sugar diet. They were
injected with STZ at 50 mg/kg per day, and the STZ was 0.1%
and citric acid was 0.5%. The STZ injection solution was pre-
pared with 0.1% citrate buffer (pH 4-5). The mice were fasted
during the day and injected at night for 5 days. FBG >16
mmol/L was regarded as the success of the construction of the
medium-term diabetes model. The mice were reared for
8 weeks, and blood from the tail vein was collected for the
detection of various indices.

Mice were grouped as follows: DOP + CRX-527 group:
DOP 10 mg, CRX-527 0.1 mg; DOP + TAK-242 group: DOP
10 mg and TAK-242 0.1 mg; DOP + linagliptin + TAK-242
group: DOP 10 mg, linagliptin 5 mg, and TAK-242 0.1 mg.

Statistical Methods

All data were processed by SPSS 25.0 and GraphPad Prism
8.0 software. Measurement data were expressed as mean =+
standard deviation (mean = SD). The comparison between the
two groups was performed using the independent sample
t-test (normal distribution) or the Mann—Whitney U-test
(non-normal distribution). The homogeneity of variance least

Genetics Upstream Primer 5-3 Downstream Primers 5-3

GAPDH 5-AGTATGTTGTCACCGCTGG-3 5-TAACCTGTCTATACGGAGGGT-3
HMGNI 5-CCAAGAGGAAGGTTAGCGC-3 5-AACAGGCTGACGTGGCTGAC -3
TLR4 5-AAGGACTTACAGTTTCTAC-3 5-TGTATATGTGAACATCAGAA-3
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significant difference (LSD) #-test was performed after the
one-way analysis of variance for multi-group comparisons.
All statistical tests were two-sided tests. A p value < .05 was
considered statistically significant.

Results

Clinical Observation of Linagliptin Promotes the
Ameliorative Effect of DOP Extract on BDM-EDN

In order to investigate the effects of linagliptin and DOP extract
on diabetic nephropathy, we found that patients’ biochemical
indexes showed a significant trend of decreased FPG, 2hPBG,
and HbA1c blood glucose, and the patients’ lipid index levels
showed the same changes (Table 2, Figure 3A-3F). Further
investigation found that the levels of UAER, Cys-C, and two
renal function indexes showed a decreased trend (vs. other
groups, p < .05, Table 3, Figure 3A—F) in BDM-EDN patients
under DOP + linagliptin intervention. It was further found that

Table 2. Comparison of Biochemical Indices of Patients.

the levels of UAER and Cys-C in patients showed a decreased
trend under DOP + linagliptin intervention (vs. other groups, p
<.05, Table 3, Figure 4A-B), and the levels of CRP, IL-6, and
TNF-a were reduced significantly, whereas IL-10 increased
(vs. DOP group, p < .05, Table 4, Figure SA—5D). The levels of
UAER and Cys-C in patients with early diabetic nephropathy
showed similar changes in this case (SA-5D). We found that
the HMGN1/TLR4 pathway gene expression was significantly
reduced in this process (Figure 6A—6B), and protein expression
also showed consistent changes (Figure 6C).

DOP Combined with Linagliptin Slows Down

Disease Progression in Mice by Inhibiting
HMGN I /TLR4. Mechanism Verification of the
Pathway

On the basis of the above research, this project deeply inves-

tigated the mechanism of DOP on the HMGN1/TLR4 path-
way. We successfully constructed the in vitro experimental

Number of FPG 2hPBG TC LDL-C TG
Examples (mmol/L) (mmol/L) HbAlc(%) (mmol/L) (mmol/L) (mmol/L)
Control subjects I5 8.07 £ 0.51 15.38 £ 0.96 1030+32 684+0.18 456+0.09 334+0.1I
Dendrobium 15 6.81 £ 0.362 1120+ 094  793+324 664+0.172 439+0.132 3.11£0.10°
polysaccharide group
Dendrobium I5 5.04 £ 0.3] 9.34+0.66  728+3.07* 6.25+0.122> 4.09 +0.09®> 2.88 +0.10%
polysaccharide +
linagliptin group
F - 214.616 192.164 3.770 53.521 76.994 74.159
p - .000 .000 .000 .000 .000 .000

@

Notes: “a” indicates p < .05 compared with the control group; “b” indicates p < .05 compared with the Dendrobium polysaccharide group. 2hPBG: 2 h
postprandial blood glucose; HbAl c: Glycosylated hemoglobin; FPG: Fasting blood glucose; LDL: Low-density lipoprotein; TC: Total cholesterol; TG: Triglyceride.

Table 3. Comparison of Renal Function Before and After Treatment in Two Groups of Patients.

Number of Examples

UAER (pg/min) Cys-C (mg/L)

Control subjects 15 731.53 + 41.50 249 +0.13
Dendrobium polysaccharide group 15 590.60 + 41.012 207 £0.132
Dendrobium polysaccharide + linagliptin group 15 459.42 + 30.24® .62 + 0.08®
F - 192.971 211.903

p — .000 .000

Notes: “a” indicates p < .05 compared with the control group; “b” indicates p < .05 compared with the dendrobium polysaccharide group. UAER:

Urinary albumin excretion rate.

Table 4. Changes in Levels of Inflammatory Factors in Patients.

Number of

Examples CRP (ng/mL) IL-6 (ng/L) IL-10 (ng/L) TNF-a (ng/L)
Control subjects I5 1503+0.70 9.94+051 923+050 1256 £0.87
Dendrobium polysaccharide group I5 13.66 £ 0.682 880 +0.322 9.50 £ 0.52 12.06 + 0.64
Dendrobium polysaccharide + linagliptin group I5 I1.16 £ 1.09%® 795+ 0.562> 10.0+ 035> 10.97 + 0.68
F - 80.952 66.361 10.684 19.189
p - .000 .000 .000 .000

Notes: “a” represents p < .05 compared to the control group; “b” represents p < .05 compared to the Dendrobium polysaccharide group. CRP:

C-reactive protein; IL: Interleukin; TNF: Tumor necrosis factor.
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Figure 3. Comparison of Biochemical Indexes of Patients (A, B: Fasting Blood Glucose (FPG) and 2 h Postprandial Blood Glucose
(2hPBG) Index Levels Detected by Blood Glucose Meter; C: Glycosylated Hemoglobin (HbAlc) Levels Detected by lon-Exchange

Chromatography; D, F: Total Cholesterol (TC) and Triglyceride (TG) Levels Detected by Enzyme Assay; E: Low-density Lipoprotein

(LDL)-C Levels Detected by Direct Assay; Compared with Control Group, *p <.05; n = I5).
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Figure 4. Comparison of Renal Function in Patients (A, B: Imnmunoturbidimetric Detection of Urinary Albumin Excretion Rate (UAER),

Cys-C Index Levels; Compared with Control Group, *p <.05; n = I5).

IL-10, and Tumor Necrosis Factor (TNF)-o Expression Levels by Enzyme-linked Immunosorbent Assay (ELISA); Compared with Control

Figure 5. Changes in the Levels of Inflammatory Factors in Patients (A, B, C, D: Serum C-reactive Protein (CRP), Interleukin (IL)-6,
Group, *p < .05; n = I5).
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Figure 6. HMGNI/TLR4 Pathway Protein Expression (A, B: Polymerase Chain Reaction (PCR) for HMGNI, TLR4 Gene Expression; C:
Western Blot for HMGN I, TLR4 Protein Expression; Compared with Control Group, *p < .05, n = 15).

mouse model, and the success rate for mouse construction
was 100%. Through further research, we used CRX-527 and
TAK-242 to agonize and inhibit the HMGN1/TLR4 pathway,
and results showed that FPG and 2hPBG decreased with the
DOP group when compared with the DOP + TAK-242 group.
Moreover, UAER, Cys-C, and CRP decreased, and IL-10 was
elevated in the DOP + TAK-242 group (p < .05, Figure
7A—7F). HMGNI1 and TLR4 gene expression was reduced
significantly (vs. DOP group, p < .05, Figure 7G-7H) in
which the results for the DOP + linagliptin + TAK-242 group
showed more obvious and consistent change, while the DOP
+ CRX-527 group had opposite results, which indicated that
DOP had a significant inhibitory effect on the HMGN1/TLR4
pathway.

Discussion

DOPs have beneficial effects on antioxidants, immunostimu-
lant (Liu et al., 2011), as well as dermatological disorders
(Yang et al., 2020). DOP treatment attenuated hepatic lipid
metabolism disorders in type 2 diabetic rats and alleviated
symptoms of hepatic lipid accumulation (Meloni et al., 2013).

Linagliptin reduces glucagon levels in a glucose-depen-
dent manner (Burcelin et al., 2006; Lee et al., 2018; Nadkarni
et al., 2014; Sandoval, 2008). Current studies have confirmed
the therapeutic effect of linagliptin on diabetic nephropathy.
Experiments on a diabetic rat model (Katsuno et al., 2021)
demonstrated that linagliptin can reduce oxidative stress and
effectively improve diabetic nephropathy and that it is
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Figure 7. Changes in Blood Glucose, Renal Function, and Inflammatory Factors (A, B: Fasting Blood Glucose (FPG) and 2 h Postprandial
Blood Glucose (2hPBG) Index Levels Detected by Glucometer; C, E: Urinary Albumin Excretion Rate (UAER) and Cys-C Index Levels
Detected by Immunoturbidimetric Assay; D: Glycosylated Hemoglobin (HbAlc) Levels Detected by lon-exchange Chromatography; F:
Serum Interleukin (IL)-10 Expression Levels Detected by Enzyme-linked Immunosorbent Assay (ELISA); G, H: HMGN | and TLR4 Gene
Expression Detected by Polymerase Chain Reaction (PCR); Compared with Control Group, *p < .05; n = 5).

effective in ameliorate pathological changes. In addition,
some studies have confirmed a better effect of DPP-4 inhibi-
tors on brittle diabetes (Kanasaki, 2018).

UAER and Cys-C are diagnostic indicators of EDN
(Javanmardi et al., 2015), and it is believed that diabetic
nephropathy is related to inflammation and renal fibrosis
(Duran-Salgado & Rubio-Guerra, 2014). CRP is correlated
with DN severity (Sinha et al., 2019). In this study, we found
that biochemical indexes FPG, 2hPBG, HbAlc, TC, LDL-C,
and TG, and renal function indexes UAER, Cys-C, and also
CRP, IL-6, and TNF-o inflammatory factors were reduced
under intervention by DOP, while the IL-10 anti-inflamma-
tory factor was elevated. Moreover, the biochemical indexes
in the DOP + linagliptin group, renal function indexes, and
inflammatory factors were further reduced. It shows that
DOP can significantly improve diabetic nephropathy and that
linagliptin has an inhibiting effect on it. In addition, we also
observed that the intervention by DOPs led to a significant
reduction of HMGN1 and TLR4 proteins, and the inhibitory
effect of DOPs + linagliptin was more significant. It was thus
suggested that the effect of DOP on diabetes was related to
the HMGN1/TLR4 signaling pathway.

HMGN1/TLR4 signaling regulates immune response. The
inflammatory response is exacerbated in diabetic nephropa-
thy because of immune imbalance. Activation of the HMGN1/

TLR4 signaling pathway can affect the activation and func-
tion of immune cells, thereby influencing the immune
response process (Imig & Ryan, 2013). This study found that
the combination of DOPs and linagliptin significantly reduced
the expression of HMGN1 and TLR4, which was accompa-
nied by decreased levels of inflammatory factors (such as
CRP and IL-6) and improved renal function markers (UAER
and Cys-C). These results suggest that the therapeutic effects
may be achieved through the suppression of the HMGN1/
TLR4 pathway. This mechanism is consistent with the find-
ings of Yu et al. (2018) in a BDM-EDN model.

To investigate the role of the HMGN1/TLR4 signaling
pathway, we used CRX-527 and TAK-242 to activate and
inhibit it, and found that patients’ FPG, 2hPBG, UAER, Cys-
C, and CRP were all reduced, while IL-10 was increased.
Moreover, results for the intervention effect of DOP + lina-
gliptin + TAK-242 were more obvious, and the effect of DOP
+ CRX-527 was opposite to that effect.

Conclusion

In conclusion, DOP extract can control blood glucose levels
in BDM-EDN patients and improve UAER by decreasing
inflammation, which has the effect of protecting renal
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function, and linagliptin can further amplify the effect. This
provides new treatment options for the treatment of this dis-
ease and helps to provide a theoretical basis for future drug
development. However, the small sample size in this study
was a shortcoming of the experimental design of this study,
and it is thus necessary to expand the sample size for in-depth
research to confirm.

Acknowledgments

This work was supported by the Medical Science Research Project
of Hebei Provincial Health Commission (Project 20210231) and
Hebei Provincial Administration of Traditional Chinese Medicine
Research Program(Progect 2021216 and Project 2022441).

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Ethical Approval

This study was approved by the ethics committee of Bethune
International Peace Hospital.

Funding

The authors received no financial support for the research,
authorship, and/or publication of this article.

Informed Consent

The patients gave informed consent to the study and signed informed
consent forms.

ORCID iD

Xiaoling Li (2} https://orcid.org/0009-0003-7558-8793

References

Abe, M., & Okada, K. (2015). DPP-4 inhibitors in diabetic patients
with chronic kidney disease and end-stage kidney disease on
dialysis in clinical practice. Contributions to Nephrology, 185,
98-115. https://doi.org/10.1159/000380974

Burcelin, R., Cani, P. D., & Knauf, C. (2006). GLP-1 and cerebral
detection of glucose, a key mechanism for the regulation of glu-
cose homeostasis. Médecine/Sciences, 22(3), 237-239. https://
doi.org/10.1051/medsci/2006223237

Cao, X., Liu, R, Liu, J., Huo, Y., Yang, W., Zeng, M., & Yang, C.
(2013). A novel polysaccharide from Lentinus edodes mycelia
exhibits potential antitumor activity on laryngeal squamous can-
cer cell line Hep-2. Applied Biochemistry and Biotechnology,
171(6), 1444—-1453. https://doi.org/10.1007/s12010-013-0441-6

Cao, X.Y., Liu,D,Bi,R.C.,He, Y.L.,He, Y., & Liu, J. L. (2019).
The protective effects of a novel polysaccharide from Lentinus
edodes mycelia on islet beta (INS-1) cells damaged by glucose
and its transportation mechanism with human serum albumin.
International Journal of Biological Macromolecules, 134, 344—
353. https://doi.org/10.1016/j.ijjbiomac.2019.05.033

Dai, W.,Tham,Y.C.,Cheung,N., Yasuda,M., Tan,N.Y.Q., Cheung,
C.Y., Wang, J. J., Mitchell, P., Sabanayagam, C., Wong, T. Y.,
& Cheng, C. Y. (2018). Macular thickness profile and diabetic
retinopathy: The Singapore epidemiology of eye diseases study.
British Journal of Ophthalmology, 102(8), 1072—1076. https://
doi.org/10.1136/bjophthalmol-2017-310959

Deacon, C.F., & Lebovitz, H. E. (2016). Comparative review of dipepti-
dyl peptidase-4 inhibitors and sulphonylureas. Diabetes Obesity &
Metabolism, 18(4), 333-347. https://doi.org/10.1111/dom.12610

Ding, J., & Wong, T. Y. (2012). Current epidemiology of diabetic reti-
nopathy and diabetic macular edema. Current Diabetes Reports,
12(4), 346-354. https://doi.org/10.1007/s11892-012-0283-6

Duran-Salgado, M. B., & Rubio-Guerra, A. F. (2014). Diabetic
nephropathy and inflammation. World Journal of Diabetes,
5(3), 393-398. https://doi.org/10.4239/wjd.v5.i3.393

Forst, T., Uhlig-Laske, B., Ring, A., Graefe-Mody, U., Friedrich, C.,
Herbach, K., Woerle, H. J., & Dugi, K. A. (2010). Linagliptin
(BI 1356), a potent and selective DPP-4 inhibitor, is safe and
efficacious in combination with metformin in patients with inad-
equately controlled type 2 diabetes. Diabetic Medicine, 27(12),
1409-1419. https://doi.org/10.1111/j.1464-5491.2010.03131.x

Imig, J. D., & Ryan, M. J. (2013). Immune and inflammatory role
in renal disease. Comprehensive Physiology, 3(2), 957-976.
https://doi.org/10.1002/cphy.c120028

Javanmardi, M., Azadi, N. A., Amini, S., & Abdi, M. (2015).
Diagnostic value of cystatin C for diagnosis of early renal dam-
ages in type 2 diabetic mellitus patients: The first experience in
Iran. Journal of Research in Medical Sciences, 20(6), 571-576.
https://doi.org/10.4103/1735-1995.165960

Jia, L. L., Li, D. Y., Feng, N. H., Shamoon, M., Sun, Z. H., Ding, L.,
Zhang, H., Chen, W., Sun, J., & Chen, Y. Q. (2017). Anti-diabetic
effects of CGMCCO0313.1 through promoting the growth of gut
butyrate-producing bacteria in type 2 diabetic mice. Scientific
Reports, 7. https://doi.org/10.1038/s41598-017-07335-0

Kanasaki, K. (2018). The role of renal dipeptidyl peptidase-4 in kid-
ney disease: Renal effects of dipeptidyl peptidase-4 inhibitors
with a focus on linagliptin. Clinical Science (London, England:
1979), 132(4), 489-507. https://doi.org/10.1042/CS20180031

Katsuno, T., Shiraiwa, T., Iwasaki, S., Park, H., Watanabe,
N., Kaneko, S., Terasaki, J., Hanafusa, T., Imagawa, A.,
Shimomura, I., Ikegami, H., Koyama, H., Namba, M., &
Miyagawa, J. I. for the TRUST2 Study Group. (2021). Benefit
of early add-on of linagliptin to insulin in Japanese patients
with type 2 diabetes mellitus: Randomized-controlled open-
label trial (TRUST?2). Advances in Therapy, 38(3), 1514-1535.
https://doi.org/10.1007/s12325-021-01631-y

Lee, J. H., Wen, X., Cho, H., & Koo, S. H. (2018). CREB/CRTC2
controls GLP-1-dependent regulation of glucose homeostasis.
FASEB Journal, 32(3), 1566-1578. https://doi.org/10.1096/
£7.201700845R

Ling, Y., Li, X. M., & Gao, X. (2012). Intensive versus conven-
tional glucose control in critically ill patients: A meta-anal-
ysis of randomized controlled trials. European Journal of
Internal Medicine, 23(6), 564-574. https://doi.org/10.1016/;.
€jim.2012.02.013

Liu, J., Li, Y. C, Liu, W. Q., Qi, Q., Hu, X., Li, S. Y., Lei, J. D., &
Rong, L. (2019). Extraction of Polysaccharide from Lindl. by
subcritical water extraction. ACS Omega, 4(24), 20586—-20594.
https://doi.org/10.1021/acsomega.9b02550



1344

Pharmacognosy Magazine 22(4)

Liu, X. F., Zhu, J., Ge, S. Y., Xia, L. J,, Yang, H. Y., Qian, Y.
T., & Ren, F. Z. (2011). Orally administered Dendrobium
officinale and its polysaccharides enhance immune functions
in BALB/c mice. Natural Product Communications, 6(6),
867-870.

Loh, H. H., Yee, A., Loh, H. S., Sukor, N., & Kamaruddin, N. A.
(2016). Comparative studies of dipeptidyl peptidase 4 inhibitor
vs sulphonylurea among Muslim type 2 diabetes patients who
fast in the month of Ramadan: A systematic review and meta-
analysis. Primary Care Diabetes, 10(3), 210-219. https://doi.
org/10.1016/j.pcd.2015.09.001

Mattila, T. K., & de Boer, A. (2010). Influence of intensive ver-
sus conventional glucose control on microvascular and mac-
rovascular complications in type 1 and 2 diabetes mellitus.
Drugs, 70(17), 2229-2245. https://doi.org/10.2165/11585220-
000000000-00000

Meloni, A. R., DeYoung, M. B., Lowe, C., & Parkes, D. G. (2013).
GLP-1 receptor activated insulin secretion from pancreatic beta-
cells: Mechanism and glucose dependence. Diabetes, Obesity
& Metabolism, 15(1), 15-27. https://doi.org/10.1111/j.1463-
1326.2012.01663.x

Morales, J. (2011). The pharmacologic basis for clinical differ-
ences among GLP-1 receptor agonists and DPP-4 inhibi-
tors. Postgraduate Medicine, 123(6), 189-201. https://doi.
org/10.3810/pgm.2011.11.2508

Na, G. H., Kim, S., Jung, H. M., Han, S. H., Han, J., & Koo, Y. K.
(2024). Skin anti-aging efficacy of enzyme-treated supercriti-
cal caviar extract: A randomized, double-blind, placebo-con-
trolled clinical trial. Nutrients, 16(1). https://doi.org/10.3390/
nul6010137

Nadkarni, P., Chepurny, O. G., & Holz, G. G. (2014). Regulation of
glucose homeostasis by GLP-1. Progress in Molecular Biology
and Translational Science, 121,23—65. https://doi.org/10.1016/
B978-0-12-800101-1.00002-8

Sandoval, D. (2008). CNS GLP-1 regulation of peripheral glucose
homeostasis. Physiology & Behavior, 94(5), 670-674. https://
doi.org/10.1016/j.physbeh.2008.04.018

Sinha, S. K., Nicholas, S. B., Sung, J. H., Correa, A., Rajavashisth,
T. B., Norris, K. C., & Lee, J. E. (2019). hs-CRP is associated
with incident diabetic nephropathy: Findings from the Jackson
heart study. Diabetes Care, 42(11), 2083-2089. https://doi.
org/10.2337/dc18-2563

Srinivasan, S., Raman, R., Kulothungan, V., Swaminathan, G., &
Sharma, T. (2017). Influence of serum lipids on the incidence and
progression of diabetic retinopathy and macular oedema: Sankara
Nethralaya diabetic retinopathy epidemiology and molecular
genetics study-1I. Clinical & Experimental Ophthalmology,
45(9), 894-900. https://doi.org/10.1111/ce0.12990

Williams, R., Airey, M., Baxter, H., Forrester, J., Kennedy-Martin, T.,
& Girach, A. (2004). Epidemiology of diabetic retinopathy and
macular oedema: A systematic review. Eye (London, England),
18(10), 963-983. https://doi.org/10.1038/sj.eye.6701476

Wu, D., Hu, D., Chen, H., Shi, G., Fetahu, 1. S., Wu, F., Rabidou, K.,
Fang, R., Tan, L., Xu, S., Liu, H., Argueta, C., Zhang, L., Mao,
F., Yan, G., Chen, J., Dong, Z., Lv, R, Xu, Y., ...Shi, Y. G.
(2018). Glucose-regulated phosphorylation of TET2 by AMPK
reveals a pathway linking diabetes to cancer. Nature, 559(7715),
637-641. https://doi.org/10.1038/s41586-018-0350-5

Yang, J., Chen, H., Nie, Q., Huang, X., & Nie, S. (2020). Dendrobium
officinale polysaccharide ameliorates the liver metabolism
disorders of type II diabetic rats. International Journal of
Biological Macromolecules, 164, 1939—1948. https://doi.
org/10.1016/j.ijbiomac.2020.08.007

Yu,J., Da, J., Dong, R., Sun, Y., Nie, Y., Yu, F., Zuo, L., & Zha, Y.
(2018). IGF-1R inhibitor ameliorates diabetic nephropathy with
suppressed HMGN1/TLR4 pathway. Endocrine, Metabolic &
Immune Disorders—Drug Targets, 18(3), 241-250. https://doi.
org/10.2174/1871530318666180131102707



